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Abmtract

The inJ-ctor complex ●t MMPF con-lots or
tvo on-lina inJa&*ors which provide simultmneoue @
and El- beams for dual beam operatim of the limac.
A ~hird @.arized Ion inJector is nov under cm-
Wruction and will provide polarized H- beame. Pro-
duetim w ●t IAMPF nov ●mploy lCQ UA ●wmua @
beam simultaneously vith up to 10 UA average of H_
beam; operational ●xperience mnd tuning procedures
required for dud-beam operation are described. The
deml~ of the ion sou--ccs, acceleratin~ colmm amd
beam &oppara nov in operation ie reviewed. A dia-
ctmim of the high voltage problems involved in the
operatim of these in.Jectore With high duty factor,
high pover beam topthervith a detailed descrip-
ttm ot the ●ngineering of the accelerating tube and

of the control circuits and rast protect symtemm nov
~loyed to achieve low fault rate: 18 preeented.

1. Introduction

Tbe inJector ccaplex at IAMPF hae three

750 kv inJectors and msoociated beam transport
linem to provide a variety o? beams for operation of
the LAMPF accelerator. lhe wliquc featuren provided
~ this ●yrtem of inJectorm me hi~h duty factor
~ration (6X duty factor nov operational snd cn~-
Mllty of E: Operrn:i.i) tit the rlexiLility W prb-
vlda simultaneous inJectlon of both IF and H- beams
to the linac. This dual ham capability FrOVideS
tvo independent hems at ?d~ Mev :m ume in differ-
mt ●mperimenta3 arean. A scht Atic diagramof the
inJector complex is shown in Fig. 1.

There ue two operational inJector8 nnv on-
line, vh!ch provide high intensity @ and 10V

imteneity R be~. A third lnJeetm vhich till
~Me polarised im beams ie under cmstructim.
At ~eaamt K#@F Is oprating with mimulteneous
produotim beme of 100 MA●verage of ~ and up to
10 MA ●verage H- at 6S duty factor (120 Ha with
500 ua pulee duration).

The general operatim of the inJectorm has
been quite reliable. During the last three mmtha
of production, the accelerator has achievd an on-

tba of over 80% owrall mnd the inJectora have
been rempmaible for mly 5~ of the total dovntima.

J~9 Ton Sourcee

There are three fnm sources lo the inJector
@ex, each source beimg housed in a separate

inJector. The ~ la aourcel is ● ni@I powr duo-
pl-tmn baaed on the Brookhaven de-ign and is
oapehle of 12% duty factor o~ratim at 5DMAPM
current. Although production baem at present re-
quires only 2.1 MApeak currant (1W UA average
captured beam), the }? inJector is being oprat-d
at cmsid~rably higher (25 MA) peak current vith
eumant llmlting being ●ffected in the 10V ●ner~
beam transp+mt line. ‘he ion source espansim cup,
Pierce anode, and eatrac?or ●lectrode have been
apertured to limit maxirnwa current to 36 MAo~~.put.
This comprcdse allom the source to be operated in
the 20-25 MA range during production runs Without
●xcesmiw violatim of the Pierce ●cceleratim con-
ditions and to be operated at design peak current
(36mA) formachtne development periods. Zhe orig-
inal dmlgn, 50 aA ion source, villbe employed
when productlm beam requirement- increase. The
Im source haa proven to be quite reliable vith
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Fig. 1. 4out of the inJector compl.x ●t LAk@F.
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?ihmemt replacement bein~ the
filament Xfetimes of 3000 hrs
source ns+minally op?wates with

maJor maintenance;
can be expected. The
a chamber pressure of

200 U. a Hz flow of 1.2 ntd cc/rein, end en arc

cument of 8 A ~or 25 MA output.

A modiflcatlm to the ion source pulsing
●yatm ves made when a need mroae to have the in-
tensity of every tenth pulse attenuated. A circuit
to provide this l-.Sn-lO atte~uation was designed,
which consists of a sultabl.e resistor, paralleled
by a SCR, placed in the line between the arc md-
ulator end ion source. The SCR is tri~gered through
m pulse tmnsfomner for each norral beam pulse, thus
nppl.ying full arc pulaer voltage to the ion source.
Bo trigger puhe i9 tran?mit.ted on the 10th pulsti
mod very low arc pdser voltage ia then applied to
tie source on this pulse, thus producing M attenu-
●ted beam pulse. A current reduction of the order
of 100-200 is obtainable after the first trenspa%
bending magnet. The system has been ●xpanded to

provide additional attenuation of the 10V current
pulses by uain~ additional pulsing on the H+ chopper
plates (see Fig. 1). This permits the l-in-l.O
pulaingmde ta supply nA peak current pulse’s to the
linac and thus, provide up to aix ordere of ~.itude
attenuation.

Tbe ~ ion source? in a hydrogen charge ex-
change source and is capable of producing a Isaximm
beam of 1 MA peak at 6% duty factor if pushed. The
peak current obtainable is dependent on duty factor
mmd decreases IAS duty factor i9 raised, presumably
because of the change In molecular species ratio.
Ilomally, the soume is operated in the 503-600 bA

rmuge wbfch .givan uzponent lifetimes of tt.e anode
aperture, extractor, and canal electrodes of sir to
aeven rnmths. The lifstimn of the anode aperture
vu greatly increased by using a molybdenum Insert,
which was pressed intu the expnnsion CUDand the
aperture opentng. The extrnctor end canal electrode
are fabricated or Ti; rart of their failure results
frm hydrogen embrittlement. If the source were
operated at maximum peek current the liretlnes would
be greatly reduced at high duty ractor operation.
The source operating parameters for a 600 tiA beam

-5
mre 4.3 cc/6”,n H2 rlov, dome vacum or 1.7 x 10 torr,

and mc current or 12-lb A.

The polarized ion source being constructed

la ● --shift scwce3 pntterned after the sources
now in operatic’” on the Tam4em Vmn de Graarr accel-
erator in the Pt~yaica Divls4..m nt LASL. The Cock-
croft-Walton power supply is in operation, Ion
source components and other cqulpment nre b~lng ln-
●tailed in the equipment dome, mnd the accelerating
tube ie being amsm.bled. The source ia expected to
produce 0.5 DA peak curr”:nt when it Uoea into oper-
8tirn ●arly next year.

III . Cockcroft-Wnlton iliRh-Voltwe Generators

Since the operation of IAKPF requires the
●imultaneoue acc~lernttmn ur H+ nnd H- bcame, the
requirements Gil in,lrctor ~olt~o @tabllliy and mena-

urament we rmther strinwnt. ‘he nppronrh used hnn
been to carry out indeptinti~~nt, abuolute vul~we cal-
ibration on the twc Ln,]cctorFl Md t,o provide a re-
dudent voltue memaurinu Oyst?m to tnm~e that

accurate meaaurementm o? inJector voltace
made. ‘The beams also can be checked with
-cena in the linac, which insure that the
in fact, have the same injection ●ner~.

.

er~ being
phase
beams do,

In order to improve long-term stability in ..
the two on-line inJectore, several modirl:ations
were mede to the Cockcroti-Walton hluh-voitage
generators. The reference power supply was repla?ed
with ● digital dial Fluke volt~e calibrator whirh
hem long-tern atabIlity of 0..)05%. Precision, low

temperature coe?ricient resistors have been used in
the lcw voltage conperiaon circuits. The referense
voltage hen been increased from 170 V to 752 “;.
Flnaliy, a eur~e hductor vnu lesi#ned to xmpensm?e
for the rollor? or the frequency response on the
compensated voltage divider leu and has been in-
stalled between thla leg and the sl.av stntili:er to
protect the Iov voltage cnmponent.n frm spmrk demnge.

The mat precine memaurament of the voltwe
is carried out on the compensated voltage livlder
and 0.01$ preci~ion 1s. ●anily obtained. %e .-m-
peneated divider constitutes one leg surpmttng :he
equi~ent dome end e0n8i6ts Or five Eec:lJnE ~r w!re-
wound reniotore provided by !iaefely. Ea:h seeti:n
haa a nainml impedance or ~2~ ~LI!!ahuntei by .“;’1’ ;F
in ●eriee with 87 kl. A ~pere section was aensure!
by the National 9,xreau or Standards en.1 ‘?.en ‘:3-:
to calibrate all the sections of Lhe H+ %-.J !!- I:,r-
penaated dividers at their n~raal operat!r.u v~lt~=e.
The compensated dividers are Qslde the s~~w ‘zm!r~l
100PB, but as 10IW as there is no malrun:..!>r. 1!: “.!:e
divider, its reading 18 the rml !njw!:~ “/~it_-e.
“-ever, thin reading Wiil alvays wqree “.’::!1 ●kc
reference voltwe aa iurl~ MS L:.rre is Ka.a!..:utv nil:
in the control loop even when there is R =a??”w.c!!:m
in the compensated le~, so 9 raiUIIdM~ RO’~SJ’We!VW.’.
is deeirable. There is a sevmd ln,derm_!rnt v*l., w..
divider (which is uncmpensatri) that CW. al~: L*
used to measurs the ●quLrment .’mw ij~**~n..!Ii. “l,-
fortunately, it is not as pre,:is~ m memz:.r{nr tITO:
(rend in ract vas not desizned to % so UJei’I 011,...

lt is subJect to temperate mnl volt~e !rif”.s, I!;.1
in practice it ia neceeeary to all,,v t;:e remdine .::
thin voltage divider to ntabil!m? and T.%n nctc l--
viationm from the stabilized value.

No other checks can be ❑ade ts mscertain if
the two lnJectors are inde-d cnl!brated and cprn-
ting at the same p.xential. The qulpne:;: Icws .-w

end have been connected tmne’.her; then by rur.cinr ‘c?
nupply, it la pxwlble to COMFWO I)(>th i!’:idcrJ.
Prior to the calibrntlon of ttv?dlvidrr r,e”.work II*.!-
lizing the NBS cmiibrsted sectim, the hxws. w!vn

tied together, difrcred by ~.295 polntlng out ?IL*
need for better {mlibration. Am Indica’rd pr-v[nu::ly,
phaoe ucanE or the @ and 1{- befwnn in the linnc Lvi:]
be used to check if the e.ame energy ie being emplo>-d.

The Cockcroft-Walton pover supply for 1P
●cceleration opernten nt 75~.IY kv; itm control ~Yn”.-M
is illustrated in FIR.,?. Ream operntion r~qu[r~:l
pemk currents out of the rolumn in the r%nu? ~r 15 to
35 MA with a maximum repetition /at of’ )?fI lk mnd
<00 Be pulee width. To minimize the voltw, lroop

on the dome durin~ the b-em pulne. chnrrv in supplied
by the bouncer circuit through thr renter l~z of thm
nymetric caecade rectlrlcr. Oboervmtlon of t.hc dome
voltage droop mnd ripple ia mvmtlable throuuh the ,lne
of a capacitive voltaue divider. This divider in
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the ●ccelerating tube electrodes, co-rent oenn-,rs
have been Inotallci In the volt~e Ilvl,llng nrtw~rk

mnd error sigrrmle due to any ben~ lnpin~enenta w.

tied into the fuet protect nyntem end :’xrr ~f~ ?kc
ion source. In practice, ion source tunina 1s K>
lat#ar crltlcd ~qth the lu~er electrode •r~rtur~s

and theaa fmct protect chmrrnels nre UCU811Y only
tripped when large ●rroro in ion nource tunlnu nr~
rnde or when power supply fallureo occur.

Tho tine rcquir~d to hifi volt~e condlttcn
the accelerating column ●fter venting hnn brmr crm-

siderably rduccd. ThIo Is ●xompllmhed by v~ntlnr
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“ for tho @ beam and ●me overbtmchlng will occur in
Cbe lover current H_ beam.

the high current H+ beame. Thue, matchin# ●xer. is.s
man be done independently end then the beama super-
hpomd. It iB anticipated that sc the H+ beam
current increnocs there will be incensing difficulty
in ●chievi~ ●aact metch for the H- b-mm Md thut
beam spill in the linac from the ~ bemm may limit
the amotm% of H_ beam that can be si=ultweously ac.
celerated. Experience to late lndl:ates that tkc
hisher smittance r be= 1s har%r t. tme than the
hio$er curremt, but iower mittance H+ beam.
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